A large number of polvpeptide antibiotics have been isolated from culture filtrates of various Streptomyces species in the past decade. Among these antibiotics are the polypeptides of the group including PA 114, vernamycin, streptogramin, mikamycin, staphylomcin, and ostreogrycin. These antibiotics are composed of a number of components. Each component may be active alone in inhibiting bacterial growth, but they are much more potent in combination. (Celmer and Sobin, 1956; Tanaka et al., 1958; Laskin and Chan, 1964) . The vernamycin complex has recently been shown to be composed of primarily two different compounds: a nonpeptide macrolide (vernamycin A), and a group of peptidic lactones (vernamycin B) . Vernamycin B is related in structure to PA 114 B, mikamycin B, staphlomycin S, ostreogr-ycin 1B, and streptogramin (Vanderhaeghe and Parmentier, 1960; Eastwood, Snell, and Todd, 1960;  Watanabe, 1961; Bodansky and Ondetti, 1963) .
Some of these antibiotics are potent inhibitors of growth of a variety of gram-positive organisms, but are generally less effective in inhibiting growth of gram-negative bacteria (Charney et al., 1953; English, M\cBride, and Halsema, 1956; Tanaka et al., 1958; Verwey, West, and -Miller, 1958) . I\likamycin and streptogramin inhibit protein synthesis in intact bacteria without appreciably interfering with nucleic acid synthesis (Yamaguchi, 1961; Vazquez, 1962) . Recently, vernamycin has also been shown to inhibit protein synthesis in cell-free extracts of bacteria (Laskin and Chan, 1964) .
The present investigation was initiated pi imanily to determine the mode of action of the antibiotics of the PA 114, vernamy-cin, and streptogramin complexes. The work is divided into two sections: the first, in this paper, on the effect of these antibiotics on various aspects of the physiology of intact bacteria; and the second, in the following paper, on the inhibition of protein synthesis in cell-free extracts of bacteria.
In this paper, evidence is presented that the inhibition of growth of gram-positive organisms is probably a result of the selective inhibition of protein synthesis by these antibiotics. All three antibiotics behave similarly. The [, 5 ,Ag/mll of PA 114; A, 5 ,ug/ml of PA 114 A.
S. aureus were very sensitive to growth inhibition by all the antibiotics studied. Except for some small quantitative differences in the response of these bacteria to the antibiotics, in general, the effect of the drugs on the cells was similar. Consequently, except for one figure, only the data for S. aureus are given. The antibiotics inhibited the growth of intact Escherichia coli only at very high concentrations, and therefore the response of this species was not studied in great detail. However, as will be shown in the subsequent paper, in contrast to the relative insensitivity of the intact cell, the cell-free protein-synthesizing system derived from E. coli was extremely sensitive to inhibition by the antibiotics, suggesting that the intact cell was impermeable to the drugs. Figure 1 shows the inhibition of growth of S. aureus by PA 114 (5 ,ug/ml) and by PA 114 A (5 jig/ml). Cells were grown for two generations and then divided equally into three flasks. Antibiotics were added as indicated and growth was measured by increase in Klett reading. These antibiotics markedly inhibited growth of these cells. Streptogramin, PA 114 B, and vernamycin A were equally effective in inhibiting growth.
Under the conditions of the experiment, these antibiotics were bacteriostatic, inhibiting growth of either S. aureus or B. subtilis for at least 2 hr, without appreciably killing the cells. On one occasion, 65% of B. subtilis cells were killed after 2 hr of incubation with the antibiotics. Vazquez (1962) reported that streptogramin is bactericidal.
The effect of the antibiotics on protein and nucleic acid synthesis was studied by following the incorporation of radioactive precursors into the protein, RNA, and DNA fractions of the cells. Cl4-leucine incorporation was used as an index of protein synthesis, and C14-uridine or C14-uracil as an index of RNA and DNA synthesis. Cells growing in the appropriate medium for at least two generations were divided into several flasks, and the indicated amount of antibiotic was added. The cultures were shaken at 37 C for 10 min to allow penetration of the drug. The radioactive precursor was added and the incorporation into the appropriate fractions was measured. In S. aureus, PA 114 A was a more potent inhibitor than PA 114 B, and likewise vernamycin A was more potent than vernamycin Ba (Fig. 2  and 3 ), whereas the effect of these drugs on C14-leucine incorporation in B. subtilis was the reverse. In this species, PA 114 B and vernamycin Ba were better inhibitors than PA 114 A or vernamycin A (Fig. 5) (Fig. 4 and 5) was centrifuged in the cold once at 10,000 X g for 15 min and once at 30,000 X g for 30 min. The extract was dialyzed overnight against the same buffer, and layered on a linear sucrose gradient (5 to 20%) made up in the above buffer containing 5 X 10-2 M KCl. The gradient was centrifuged and fractions were collected as previously described (Ennis and Lubin, 1965 to the same levels of streptogramin were also isolated. One of about 108 cells was resistant to the higher level of the antibiotics. The mutants were purified by several cycles of growth in the presence and absence of the antibiotic.~4..-eolten Brain Heart Infusion Agar (Difco) was seeded with antibiotic-sensitive or -resistant bacterial strains, and plates were poured and allowed to solidify. Filter-paper pads containing various antibiotics were then placed on the agar, and the plates were incubated overnight at 37 C.
The results of these experiments with resistant mutants of either B. subtilis or S. aureus can be FIG. 8. Cross-resistance of PA 114 (15 ,ug/ml)-summarized as follows. (i) The PA 114-resistant resistant Bacilluls subtilis with erythromycin and mutant was also resistant to 15 ,ug/ml of strepto-oleandomycin. Brain Heart Infusion Agar was gramin, and to vernamycin A or Ba. Likewise, seeded with the appropriate bacterial strain, allowed the streptogramin-resistant mutant was resistant to solidify, and filter pads (diameter, 7 mm) containto PA 114. (ii) The mutants were also resistant to ing the indicated amounts of antibiotics were placed various levels of erythromycin and oleandomycin, on the agar. The plates were incubated at 37 C overmacrolide antibiotics which also are inhibitors of night. (Nomura and Watson, 1959; Sells, 1964 Watanabe, 1961; Bodansky and Ondetti, 1963) .
The interesting observation of the crossresistance of a PA 114-resistant mutant with erythromycin and oleandomycin points, perhaps, to a similarity in mode of action of these drugs. Both erythromycin and oleandomycin inhibit protein synthesis. Garrod and WVaterworth (1956) showed cross-resistance between ostreogrycin and erythromycin. The fact that the PA 114-resistant mutant is not cross-resistant with a large number of other inhibitors of protein synthesis may indicate different modes of action. As will be shown in the following investigation, PA 114 does not inhibit protein synthesis the same way as neomycin, kanamyein, streptomyein, the tetracyclines, chloramphenicol, and puromycin.
The mechanism of resistance to the polypeptide antibiotics is not known, but perhaps the resistance lies in an altered protein-synthesizing system no longer sensitive to inhibition bv the antibiotics, as is the case in streptomyein resistance. This possibility is currently being studied.
